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Stroke rates in Australia and New Zealand have been declining since 1990 but all studies 
have been completed in large urban centres.  
Aim 
We report the first Australasian stroke incidence study in a rural population. 
Methods 
The authors applied the principle of complete ascertainment, used the WHO standard 
definition of stroke and classified ischaemic stroke by the TOAST criteria. Data were 
collected from 5 rural centres defined by postcode of residence, over a 2 year period with 12 
months of follow up of all cases. 
Results 
There were 217 strokes in 215 individuals in a population of 96,036 people, over 2 years, 
giving a crude attack rate of 113 per 100,000 per year. The 181 first ever strokes (83% of 
total), standardised to the WHO world population, occurred at a rate of 50/100,000 (95% CI 
43-58). The 28 day fatality for first ever strokes was 24% (95% CI 18-31) and 77%  (95% CI 
71-83) were classified as ischaemic (140/181), 15% (95% CI 10-21)  intracerebral 
haemorrhage, 3%  (95% CI 1-6)  due to subarachnoid haemorrhage and 5% (95% CI 2-9) 
were unknown. A high proportion of first-ever ischaemic strokes (44%) were cardioembolic, 
mostly (77%) due to atrial arrhythmias. Of the 38 with known atrial arrhythmias prior to 




This rural companion study of a recent Australian urban stroke incidence study confirms the 
downward trend of stroke incidence in Australia, and reiterates that inadequate 
anticoagulation of atrial arrhythmia remains a preventable cause of ischaemic stroke. 
 






Positive trends have been noted in the incidence of stroke in Australia and New Zealand in 
epidemiologically sound studies in 4 urban centres. The Perth Community Stroke Study 
reported an annual rate of 251/100,000 (first ever stroke, not age-adjusted to world standard) 
in 1989-90 decreasing to 213 in 1995-96, without change in the frequency of subtypes of 
strokes.(1) The Auckland Regional Community Stroke incidence study reported three time 
points, each 10 years apart (2): first ever stroke rate adjusted for world population, remained 
stable at 156 in 1981-2 and 1991-92 but declined to 139 (95% CI 132-147) in 2002-03. The 
North East Melbourne Stroke Incidence Study reported a first ever stroke incidence of 100 
(95% CI 80-119), standardised to world populations (3). Most recently the Adelaide stroke 
incidence study reports a first ever stroke incidence of 76 (95% CI 59-94) standardised to 
world population. (4) This decreasing incidence is presumably related to improved control of 
risk factors and access to preventative treatments. Understanding changing stroke incidence 
underpins appropriate forward planning of acute and rehabilitation care. 
Previous international stroke epidemiological studies have established an ideal method of 
recruitment to ensure complete ascertainment of all stokes occurring in a population. (5) The 
uniform application of the Trial of ORG10172 in Acute Stroke Treatment (TOAST) 
classification of Ischaemic stroke type (6) enables comparison of incidence rates of ischaemic 
strokes. Because the age distribution of study populations varies, even within Australia and 
New Zealand, and the likely changes in population risk factor prevalence, stroke rates were 
standardised to world populations using the WHO standard (7) to enable comparison with 
other reported stroke rates.(8) Rural and urban stroke incidence studies have been reported 
from Portugal (9) and India.(10)  Despite the understood ‘health differential’ of rural 
compared to urban populations (11), no previous Australasian rural stoke incidence 





This NHMRC funded research applied the ideal criteria for stroke incidence studies in rural 
South Australia (SA), contemporaneously with our urban study in Adelaide (4). 
Methods 
Study design 
Our Adelaide publication included a more detailed description of the study method, which 
was also followed for this study; only those parts of the method that are necessarily different 
in a rural site have been detailed here.(4) 
The rural study recruited stroke events between 15 July 2009 and 14 July 2011, with 12 
month follow up of all cases completed by July 2012. The study sites are the five largest 
population centres in rural SA having a population of 96,036 by Australian Bureau of 
Statistics estimates (2011 Census), including 2.2% of the population who identified as 
Indigenous Australians. Four of the centres were discrete cities (Mt Gambier, Port Lincoln, 
Whyalla and Port Augusta) and the fifth centre was the group of Riverland towns which are 
all serviced by one general hospital at Berri. Through the Australian government’s Rural 
Clinical Training and Support scheme, university academic offices located in the hospitals at 
each town provided a base for surveillance and data collection. The low absolute frequency 
of stroke in small rural communities led the investigators to choose 2 years of data collection 
to obtain a total population of comparable size to the urban population in our Adelaide 
study.(4) 
Using the WHO standard definition of stroke, (5) multiple overlapping sources where used to 
find each case of stroke during the study period, including subarachnoid haemorrhage, but 
excluding transient ischaemic attacks, tumours, stroke mimics and spontaneous extradural 
and subdural haemorrhage. Socio-demographic and clinical variables collected on each case 
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included an assessment of severity of neurological deficit using to the National Institute of 
Health Stroke Scale (NIHSS) and a history of atrial arrhythmia.  Ischaemic stroke mechanism 
(TOAST) classification (6) was assigned by the same two stroke neurologists who assigned 
stroke aetiology in our Adelaide study (JL and TK) (4) to maximise comparability between 
the two studies.  
Statistical analysis 
Analyses were performed using SAS software version 9.4 (Cary, NC). Crude rates by person-
years with 95% confidence intervals were estimated using Poisson distribution according to 
gender and 10-year age group strata of the population and then standardised to the WHO 
World standardisation method.(7) Categorical data were compared with Chi-Square or 
Fisher’s exact test where proportions were low. Consent was obtained from all participants or 
their guardian. Ethics approval from the University of Adelaide and participating hospitals 
was maintained throughout the research. (H 155 2008) 
Results 
Incidence 
A total of 217 stroke events, in 215 individuals, were recorded during the 2 years study 
period in the estimated population of 96,036 people, giving a crude attack rate of 
113/100,000.  Eight ‘possible strokes’ and 13 unconfirmed cases who did not consent, were 
not included. From age 65 onwards females outnumbered males until by age>=85 years there 
were twice as many females in the study population (1234 vs 2694). The expected increase in 
stroke rate with age is again demonstrated, where the rate almost doubles with each decade 
after 55 years. Eight individuals (4%, 95% CI 2-7) identified as Indigenous Australians. 
Median age at stroke, 59 years (interquartile range 49-69), in these individuals was 
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significantly younger than non-Indigenous Australians, median age 77 years (interquartile 
range 66-84), (p=0.001).  
First ever strokes numbered 181 (83.4 %) of the 217 recorded (males 80%, females 86%: see 
table 1), slightly higher than in our Adelaide study (238/318 = 75%).(4)  
 
Table 1 in print about here 
 
The first ever stroke rate was 94 /100,000 (95% CI 80-108). When standardised to the WHO 
world rate is 50/100,000 (95% CI 43-58) with the rate in males 53(41-65) and females 47 
(37-58). (see table 2) First ever strokes were classified as Ischaemic, (which were further 
defined by the TOAST criteria), Intracerebral Haemorrhage (ICH), Sub-arachnoid 
Haemorrhage (SAH) and Unknown Strokes and are presented in table 2. Ischaemic stroke 
represented the majority 140/181 (77%) of first ever strokes and cardioembolic (CE) 51/140 
(36%) were the commonest determined stroke subtype. An even higher proportion was of 
undetermined ischaemic aetiology 60/140 (43%). Mortality at 28 days was 24% (95% CI 18-
31) for first-ever strokes and 27% (95% CI 21-33) overall. One year mortality was 31% (95% 
CI 25-39) for first-ever strokes and 34% (95% CI 27-40) overall.  
 
Table 2 in print about here 
 
Of 166 total ischaemic strokes (first ever and recurrent), 61 (37%) were cardioembolic and of 
these, 47 were attributed to atrial fibrillation (AF), 11 to paroxysmal AF (PAF) and 2 to atrial 
flutter. These atrial arrhythmia had been previously identified in 38 of the 47 (81%; 29 in AF, 
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8 in PAF and 1 atrial flutter) with a new diagnosis being made at presentation or after 
monitoring in the additional 9 cases. Of these 38 patients with known atrial arrhythmia pre-
stroke, only 6 (16%) were therapeutically anticoagulated, 7 patients were sub-therapeutically 
anticoagulated and 25 patients were not anticoagulated. All non-anticoagulated patients had a 
CHA2DS2-VASc score of >= 2 before the event, without clear contraindication. A history of 
preceding AF/PAF/atrial flutter was also obtained in an additional 15 patients (2 with 
ischaemic stroke due to large artery occlusion, 1 ischaemic undetermined, 6 patients with 
stroke of unknown type (due to no imaging) and 6 patients with ICH; of these 6 with ICH, 3 
were on warfarin (2 therapeutically anticoagulated, 1 supra-therapeutically).  
Table 3 in print about here 
 
Confirmation of stroke diagnosis by clinical examination and CT scan is listed in table 3.  Of 
217 rural strokes, diagnostic criteria were: 14 by clinical diagnosis alone; 55 clinical with 
normal neuroimaging (i.e. ischaemic) and 148 abnormal neuroimaging (Ischaemic, ICH & 
SAH). In the ‘undetermined’ ischaemic stroke category, 29/73 were not confirmed by 
imaging (clinical stroke with negative initial CT confirmatory post-acute imaging was 
lacking) and 44 had incomplete diagnostic workup to define cause. CT scanning was 
available in all the 5 rural centres but neither CT cerebral angiography nor MRI were locally 
available in any of the rural centres at the time of data collection.  
Completeness of ascertainment was sought by pooling of data from multiple sources (clinical, 
discharge coding, radiology reporting etc) see Figure 1. Enumeration of the data sources for 
each stroke patient enrolled in the study is contained in table 3. Stroke events were recruited 
from multiple sources; 56 events were recruited from one source only but 161 were recruited 
from 2 or more sources. Hospital separation coding (85%), radiology reporting (67%) and 
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Emergency department data (49%) were the most prevalent sources of ascertainment. Table 4 
describes the history and investigation of all stroke patients included in the study. 
Table 4 in print about here 
Discussion 
 
The Stroke Epidemiology in an Australian Rural CoHort (SEARCH) study has completed the 
first Australian stroke incidence study in a rural population, contemporary with our urban 
stroke incidence study in Adelaide. The rate of first-ever stroke, by WHO world standardised 
rates, is lower than our previously reported urban data, (Rural 50 (95% CI 43-58); Urban 76 
(95% CI 59-94). The standardised stroke rate was higher in males 53 (95% CI 41-65) than in 
females 47 (95% CI 37-58). These differences may be due to the rural aged 75 years and over 
population being proportionately smaller than in our urban sample; 7.4% vs 9.9% (4). 
Australia has an old population by world standards due to long life expectancy. For study 
comparisons, a first stroke rate standardised to world population allows for these different 
shaped population pyramids. 
 
Three of the five centres were fortunate in having a clinical nurse employed who was known 
to local medical and administrative staff; however recruitment was hampered where the 
clinical work load took priority over research field work. Adelaide based research staff 
visiting rural sites added a degree of complexity. This lack of available staff resulted in a 
larger proportion of the rural patients being recruited retrospectively, leading to some gaps in 
data points (e.g. NIHSS at presentation). Completeness of ascertainment was enhanced by 
use of centralised services, such as Adelaide based state-wide radiology providers and 
government death registers searched by an experienced team employed on the urban, then 
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rural parts of this study. Despite the difficulties with case finding, all rural stroke patients 
were followed to one year post stroke (some until July 2012).  
Frequency of stroke types and ischaemic stroke subtypes were similar to our Adelaide study. 
Specifically the cardioembolic ischaemic percentage was very similar (42 vs 37%) and few 
intracerebral haemorrhages associated with anticoagulation were recorded.  The major 
difference was in the higher frequency of “undetermined ischaemic” strokes. Stroke events 
were less likely to be confirmed on neuroimaging in our rural study 148/217 (68%) than our 
urban 266/318 (84%) P<0.0001. Rural stroke patients had ready access to a CT scan but were 
less likely to have a repeated scan (if first one negative, presumed ischaemic). MRI was not 
available in any of the rural centres and only occurred if patients were transferred to the 
major urban centre (Adelaide). Lack of access to health services being one of the defining 
characteristics of rural health (11) is evident in the relative lack of diagnostic imaging. This 
high proportion of ‘undetermined ischaemic’ strokes is a result of less intensive diagnostic 
work-up, which in turn is driven by geographical distance from imaging services, the absence 
of any resident neurologists in rural SA Australia and health policy that centralises 
comprehensive stroke services for SA in Adelaide (12).   Lack of complete diagnostic work-
up may have biased stroke aetiology incidence estimates. For instance lack of MRI may have 
falsely classified some lacunar stroke as cardioembolic, and lack of vessel imaging and 
cardiac work-up may have underestimated the proportion of ‘large artery occlusion’ and 
‘cardioembolic’ stroke. 
However, even with these limitations, the study again highlights the large burden of 
preventable stroke resulting from atrial arrhythmia. Most patients in our study who had 
known AF/PAF or atrial flutter were not receiving therapeutic anticoagulation, despite a 
clinical indication. Follow-up research is required to determine whether this has improved 
12 
 
since the introduction of non-warfarin anticoagulants (not available in Australia at the time of 
this study).   
The authors attempted to closely mirror the urban study in all procedures, however this was 
challenging in a rural environment. Rural staff retention rates compounded by the distance 
(several hundred kilometres) from the coordinating centre required constant innovation and 
adaptation to ensure complete ascertainment. However, the site (Whyalla) which had the 
most stable staffing and largest medical workforce did not however yield a stroke rate 
different from other centres, enhancing confidence in the validity of our results. The rate of 
stroke among Indigenous Australians remains unclear, given the low absolute numbers, but 
the significantly lower age at stroke is concerning, even taking into account overall 
differences in life expectancy. This is the subject of an ongoing, multi-jurisdictional data 
linkage study. 
Conclusion 
Rural, world standardised, stroke rates in SA are low compared with our urban rate 
previously reported. This may be partly explained by a smaller proportion of the population 
being over 75 years and suggests that preventative strategies and changes in risk factor 
prevalence that have lowered stroke rate in urban Australia have been equally effective in 
rural Australia. Similarly to our companion urban study, the greatest opportunity to enhance 
stroke prevention is applying appropriate anticoagulation strategies to prevent cardioembolic 
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Table 1, Crude incidence of first-ever stroke by age and gender (N = crude number /person-years; Rate /100,000) 
 Total  Male  Female 
Age, years N/person-years Rate (95%CI)  N/person-years Rate (95%CI)  N/person-years Rate (95%CI) 


















































95%CI denotes confidence interval.  





Table 2, Incidence of first ever stroke by types (and subtypes of ischaemic strokes), (N = crude number /person-years);  
Rate by type and ischaemic subtype standardised by WHO world population (/100,000) 













Ischemic stroke 140/192072 40(33-47)  64/95054 43(32-54)  76/97018 36(27-45) 
          Large artery occlusion 14/192072 4(2-6)  6/95054 4(1-7)  8/97018 4(1-8) 
          Cardioembolic infarction 51/192072 13(9-17)  22/95054 15(9-22)  29/97018 12(7-16) 
          Lacunar infarction 15/192072 5(2-8)  8/95054 6(2-10)  7/97018 4(1-7) 
         Other/undetermined 60/192072 17(12-22)  28/95054 18(11-25)  32/97018 16(10-22) 
Intracerebral hemorrhage 27/192072 8(5-11)  14/95054 9(4-14)  13/97018 6(2-9) 
Subarachnoid hemorrhage 5/192072 2(0-3)  1/95054 1(-1-2)  4/97018 2(0-5) 
Unknown stroke 9/192072 2(1-3)  1/95054 1(-1-2)  8/97018 3(1-5) 
         
WHO Standardised*  50 (43-58)   53 (41-65)   47 (37-58) 
CI denotes 95% confidence interval. 
Population denominator; Census population 96,036 x 2 years of data collection 





Table 3. Numbers (%) of cases of all stroke, first and recurrent by clinical and pathological subtype and source of ascertainment 
(N=217) 
   Overall Subtype of stroke   
  Ischemic ICH SAH Unknown 
Subtype       
Ischemic stroke 166 (76) 166 (100) 0 0 0  
        Cardioembolic infarction  61 (37) 0 0 0 
        Large Artery occlusion  15 (9) 0 0 0 
        Lacunar infarction  17 (10) 0 0 0 
        Other & undetermined ischaemic  73 (44) 0 0 0 
Intracerebral Haemorrhage   32 (15) 0 32 (100) 0 0 
Subarachnoid Haemorrhage   5 (2) 0 0   5 (100) 0 
Unknown 14 (6) 0 0 0   14 (100) 
 217 (100)     
Certainty of diagnosis      
  Clinical features only 14 (6) 0 0 0   14 (100) 
  Clinical with normal CT scan 55 (25) 55 (33) 0 0 0  
  Clinical with abnormal CT scan 148 (68) 111 (67) 32 (100)   5 (100) 0 
 217 (100)     
Sources of case ascertainment      
  Allied health services 11 (5)   9 (5)   2 (6) 0 0 
  Ambulance staff   21 (10) 14 (8)    7 (22) 0 0 
  Death certificate 13 (6)   7 (4)  3 (9) 0   3 (21) 
  Emergency department 107 (49)   80 (48)  16 (50) 4 (80)   7 (50) 
  General practitioner 14 (6) 11 (7)  1 (3) 0   2 (14) 
  Hospital records 184 (85) 142 (86)  28 (88)   5 (100)   9 (64) 
  Neurology department staff   5 (2)   4 (2)  1 (3) - - 
  Nursing home   3 (1)   2 (1) 0 -  1 (7) 
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  Radiology report 145 (67) 109 (66) 23 (72   5 (100)   8 (57) 
  Rehabilitation service  2 (1)   2 (1) - - - 
      
Multiple sources of case ascertainment      






Table 4.  Characteristics of all 217 stroke patients and initial NIHSS 
   Major pathological subtype  Ischemic subtype 
  All stroke   Ischaemic ICH SAH Unknown   LAO CE LAC Undetermined 
Age, years   73 (13)  73 (13) 72 (12) 65 (18) 85 (10)  68 (13) 75 (13) 65 (14) 73 (13) 
Female 118 (54)  89 (54) 15 (47) 4 (80) 10 (71)    8 (53) 34 (56)   8 (47) 39 (53) 
Previous stroke   36 (17)  26 (16)   5 (16) -    5 (36)   1 (7) 10 (16)   2 (12) 13 (18) 
Previous TIA   34 (16)  26 (16)   5 (16) -    3 (21)   1 (7) 13 (22)   3 (18)   9 (13) 
Neck imaging   89 (45)  85 (56)   2 (7) -    2 (17)   13 (93) 29 (52)  13 (87) 30 (45) 
Known AF   53 (24)  41 (25)     6 (19) -    6 (43)    2 (13) 38 (62) -  1 (1) 
  Paroxysmal  6 (3)  4 (2)    1 (3) -   1 (7)  - 4 (7) - - 
  Persistent  37 (17)  29 (17)    3 (9) -     5 (36)    1 (7) 28 (46) - - 
NIHSS score* 5 (2-10)  5 (2-11) 7 (2-15) - 4 (2-6)  3 (2-9) 9 (4-15) 5 (2-7) 3 (1-7) 
Age data are mean and (standard deviation), other data are number and (percentage) 
*NIHSS data are median and (interquartile range), due to skewed distribution, SAH (too few for meaningful analysis) 
AF denotes atrial fibrillation; CE cardio-embolism; ICH, intracerebral haemorrhage; LAC, lacunar; LAO, large artery occlusion; NIHSS, 
National Institutes of Health Stroke Scale; SAH, subarachnoid haemorrhage; TIA, transient ischemic attack 
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